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INTRODUCTION
In recent investigations, the osmotic-equilibrium states of bull spermatozoa have been given a preliminary analysis (Drevius, 1972a) and the osmotic behaviour of the spermatozoa in hypotonie media has been studied (Drevius, 1972b) . It was found that the bull spermatozoa from the cauda epididymidis behave as osmometers with values of Ponder's factor R (Ponder, 1940) in the range 0-81 to 0-91. In the present study, the permeability of the spermatozoa to water and to polyols is the subject of an introductory analysis. In addition, reports will be presented on the permeability of bull spermatozoa to univalent inorganic ions and on the effects of anions upon the motility of spermatozoa and sperm models.
MATERIAL AND METHODS
Bull spermatozoa were obtained from the cauda epididymidis of gonads from slaughtered bulls and collected in NaCl Ringer solution (see below) as in previous studies (Drevius, 1971a (Drevius, , 1972a .
The concentration of spermatozoa in different test suspensions was adjusted to 0-5% with the aid of the preliminary test described by Drevius (1971a) . A sample (2-0 ml) of a given test suspension made up in isotonic, Ringer (see below) will, provided that the spermatozoa are immotile, give a spermatocrit of 0-010 ml when centrifuged for 15 min at 2000 g in tubes of the type described in Drevius (1971a) .
Suspending media for different experiments (A) The influence upon sperm motility of different anions was investigated by the 'sperm-rise' test (Drevius, 1971a , and below) on cells suspended in media consisting of the Ringer solution described by Mann (1964) , in which the 100 ml of 0-9% (0-154 M-)NaCl component was replaced with 0-191 M-NaCl, or with 0-191 m solutions of NaN03, NaBr, Nal or NaSCN. The osmolalities of these Ringer solutions are approximately 0-353 osmol, i.e. they are isosmotic with the fluids from the cauda epididymidis (see Drevius, 1972a) . The solutions also contained 0-1 % of glucose.
(B) The permeability to different polyhydric alcohols was studied in cells suspended in 0-353 osmol solutions of »z-erythritol, D-adonitol, D-arabitol, L-arabitol, D-mannitol, D-sorbitol and D-dulcitol. These solutions also contained the NaHC03 and KH2P04 components which constitute the buffering system in Mann's Ringer solution.
(C) Volume changes in spermatozoa in 0-154 M-ammonium-Ringer solutions were observed by microscopy and recorded by spermatocrit determinations (see below). The solutions consisted of Mann's Ringer solution, in which the 100-ml NaCl component was replaced with 0-154 m solutions of NH4C1, NH4N03, NH4Br, NH4I, NH4SCN or NH4F, respectively. These solutions are isosmotic with seminal plasma.
Sperm models
Loss of cell-membrane integrity was induced by normal rabbit serum with well-established spermolytic activity (cf. Drevius, 1968) . The kinetic activity of spermatozoa and models was investigated in solutions consisting of one part of serum+four parts of 0-191 M-NaCl Ringer, NaN03 Ringer, NaBr Ringer, Nal Ringer, NaSCN Ringer or NaF Ringer, respectively, and in solutions as above but containing 2 mM-ATP. In addition, the solutions usually contained 6% of Ficoll.
Pretreatment of spermatozoa used in {B) and (C) (Drevius, 1971a Text- fig. 1 C, i.e. the swelling gave rise to a final cell volume of the same magnitude as that of epididymal bull spermatozoa in hypotonie saline media of critical tonicity (cf. Drevius, 1972b) . In the sorbitoi solution, certain cells swelled 'ideally', others not.
The times for spermolysis in the different polyol solutions (Table 1) (Drevius, 1972a, b Results are from the l£-hr interval of a single experiment (see Table 2 ). (Lardy & Phillips, 1941) .
Influence of different anions on the kinetic activity of A TP-reactivated sperm models
In serum Ringer solutions containing SCN~or F", the motility of fresh spermatozoa is blocked within 30 sec. In the other serum Ringer solutions, motility ceases within 8 min, the cells swell slightly, and then subsequently undergo lysis (Drevius, 1968) . In the presence of ATP, flagellation of sperm models continued for 2% to 4\ hr in all serum Ringer solutions, except those containing SCN~or F~. In these, flagellation was suppressed.
The kinetic activity of sperm models was strikingly potentiated by Br~: in one experiment, flagellating cells were found even after 4\ hr. In this medium, more than 40 % of the models exhibited the same forward progression with rotation as the living spermatozoa. Stop-watch measurements established that velocities up to 50 pm sec-1 were not uncommon, even after 1 hr. Motility with rotation was also encountered among models in the other serum solutions.
However, when occurring, it was of low speed and short duration and was commonly associated with the two-dimensional, non-progressive flagellation described by Bishop & Hoffman-Berling (1959 Proton-resonance studies performed on red cells and bull spermatozoa sus¬ pended in D20-containing saline failed to establish an exchange of water across the sperm-cell membrane (Odeblad, 1957 Rothschild, 1962; Mann, 1964) , but is in conflict with the results of Kölliker (1856), Drevius & Eriksson (1966) , Drevius (1968 Drevius ( , 1972 , and . In fact, the osmotic permeability coefficient of bull spermatozoa for water, 234 IO-4 cm sec-1, is greater than that of other cells investigated (Drevius, 1971b) .
The time of spermolysis in water was approximately 2 sec (Table 1 ) . When the membrane ruptures, the tight coil of the compressed motor apparatus is abruptly widened and the apparatus takes on a configuration which may vary from slightly curved to sinuous (cf. Drevius & Eriksson, 1966 The sperm cell membrane has its greatest curvature in the cytoplasmic droplet region, which is either located at the distal part of the mid-piece (Text- fig. 1 A) or at the tail tip (Text- fig. 1 C) . In both cases, a cellular volume expansion will manifest itself initially in this region with a minimum of change in membrane configuration. A slow cellular swelling according to Text- fig. 1C , during which the motor apparatus is regularly coiled in the distal proximal direction will theoretically take place with less increase in membrane strain than in spermatozoa swelling according to Text- fig. 1 A. This is because proxi¬ mal membrane parts will be continuously incorporated into the wall of the expanding flagellum vesicle which will maintain a surface-volume ratio ap¬ proaching that of a sphere (cf. Drevius, 1972b) . In slowly (not 'ideally') swelling spermatozoa (Text- fig. 1 A) (Davson & Danielli, 1952) . According to the spermolysis times (Table 1) , the rates of penetration of erythritol, adoni toi, D-arabitol, L-arabitol, sorbitol mannitol and dulcitol through the bull-sperm membrane are in the ratio 145:94:21:1:4:1:1.
The actual polyols are all strongly hydrophilic (Bärlund, 1929 ; the Merck Index, 1960; Handbook of chemistry and physics, Weast & Selby 1966) . According to Danielli's analysis of the penetration of homologous hydrophilic substances through a lipid membrane (Davson & Danielli, 1952) , penetration rates should be erythritol >pentitols>hexitols. However, the 5-carbon compound, larabitol, penetrated about four times slower than the 6-carbon compound, sorbitol (cf. above). Sorbitol is a natural constituent of bull seminal plasma (King & Mann, 1959) and is metabolized by the spermatozoa (Mann & White, 1956; White, 1957; O'Shea & Wales, 1965) through the participation of a sorbitol dehydrogenase (King & Mann, 1958) . The relatively great perme¬ ability of bull spermatozoa to sorbitol may indicate the presence in the cell membrane of a system for 'facilitated transfer' of this substance. A paper pre¬ senting permeability coefficients of bull spermatozoa for different polyhydric alcohols will appear elsewhere (Drevius, 1971b) .
The haemolysis times of mouse and hedgehog erythrocytes in polyol solutions (Ulrich, 1934; Jacobs, Glassmann & Parpart, 1938) indicate that these cells have permeabilities for erythritol and penti-and hexitols of nearly the same order as those of the bull epididymal spermatozoa. On the other hand, cattle and human erythrocytes are less permeable to erythritol (the times for '75% haemolysis' in isosmotic erythritol solution being about 8 hr and 2 hr, respectively) and are only 'slightly permeable' to adonitol and mannitol (Davson & Danielli, 1952 (Jacobs, 1940; Davson, 1960) . This is considered to be the reason why red cells undergo swelling and subsequent lysis in isosmotic ammonium salt solutions of these anions, whereas other cells investigated seem to be no more permeable to the ions of the ammonium salts than they are to the corresponding salts of Na+ and K+ Jacobs, 1940 (Jacobs, 1940) (Hägg, 1964) . Thus, in a solution of NH4F at physiological pH there will be a significant concentration of undissociated HF. Weak electrolytes pass cell membranes most rapidly in the undissociated form (Davson, 1960 (Uesugi & Yamazoe, 1966; Quinn & White, 1967 , 1968a O'Donnell & Ellory, 1969 , 1970 (Funder & Wieth, 1967) .
V. Influence on the kinetic activity ofspermatozoa and sperm models of different anions and caffeine Mann & Lutwak-Mann (1948) showed that fluoride abolishes both motility and fructolysis in ram spermatozoa. They attributed its action to the inhibition of enolase. The results of the experiments with sperm models (p. 48) are in line with the assumption of Lindahl & Wedin (1963) that another effect of fluoride is to block the ATP-splitting and/or contractile activities of the flagellar fibres (cf. Morton & Lardy, 1967 (Nachmansohn & Schneemann, 1945) which has a high activity in mammalian (Sekine, 1951) and fish spermatozoa (Tibbs, 1962) . According to Nelson (1962 Nelson ( , 1964 , it is involved in the control of coordin¬ ation and propagation of the flagellar waves. Caffeine also inhibits the phosphodiesterase which converts cyclic AMP into 5-AMP (Berthet, Sutherland & Rail, 1957; Sutherland & Rail, 1958) which may possibly be beneficial for motility. Furthermore, caffeine may, as in muscle (Bianchi, 1963; Isaacson & Sandow, 1967) , release Ca+ + from bound sites in the spermatozoa and inactiv¬ ate a sperm-relaxing factor (cf. Bishop, 1962) and/or activate the ATPases of the flagellar fibres which are Ca++ dependent (cf. Gordon & Barnett, 1967 
